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Detection of Dengue Virus 

RELATED APPLICATIONS 

This application claims priority to U.S. provisional application number 60/272,535 filed 
on March 1, 2001, the contents of which are incorporated herein by reference. 

5 FIELD OF THE INVENTION 

This invention relates to methods and reagents for detecting dengue viruses. 

BACKGROUND OF THE INVENTION 

Dengue virus, a member of flaviviruses, contains an 11 kb single-stranded RNA 
genome. Four different dengue virus subtypes have been identified, i.e., DEN-1, DEN-2, DEN- 

Q10 3, and DEN-4. The four subtypes are distributed among geographically distinct tropical and 

O 

m subtropical regions. All may cause diseases ranging from mild self-limited dengue fever (DF) 

^4 to severe and potentially life-threatening dengue hemorrhagic fever/ dengue shock syndrome 

i (DHF/DSS). Gubler, DJ. (1998) Clin. Microbiol. Rev. 1 1: 480-496. Detection of dengue virus 

if 5 

is crucial for rapid diagnosis, as well as for understanding of dengue virus pathogenesis. Innis, 
gl5 B.L. (1995) In J.S. Porterfield (Ed.), Exotic viral infections -1995. Chapman & Hall, London, 

jjj ppl03-146. 

03 

5 SUMMARY OF THE INVENTION 

The present invention is based on the development of a pair of dengue virus-specific 
primers for use in a reverse transcriptase-polymerase chain reaction (RT-PCR) to detect dengue 
20 virus. The term "detect" as used herein refers to either qualitative or quantitative identification 
of dengue virus. 

One aspect of this invention relates to either of the two primers in such a pair of dengue 
virus-specific primers: e.g., a 28-mer 5 ? -CCCATCTCITCAIIATCCCTGCTGTTGG-3' (SEQ ID 
NO:l) or a fragment thereof containing at least 18 nucleotides, and another 28-mer 5'- 
25 AATATGCTGAAACGCGAGAGAAACCGCG-3 5 (SEQ ID NO:2) or a fragment thereof 
containing at least 18 nucleotides. 
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In another aspect, this invention relates to a method of qualitatively identifying dengue 
virus in a sample. The method includes obtaining a sample that is suspected of containing 
dengue viral RNA, performing a RT-PCR on the sample with a reverse transcriptase, a 
polymerase, and a pair of dengue virus-specific primers as described above, to amplify the 
5 dengue viral RNA, if present, and detecting the amplification product as an indication of 
presence of dengue virus in the sample. 

In a further aspect, this invention relates to a method of quantitating dengue virus in a 
sample. The method includes obtaining a sample that is suspected of containing dengue viral 
RNA, mixing the sample with a known amount of a competitor nucleic acid, and performing a 
10 RT-PCR on both the sample and the competitor nucleic acid with a reverse transcriptase, a 
polymerase, and a pair of dengue virus-specific primers as described above, to amplify the 
dengue virus RNA, if present, and the competitor nucleic acid. The competitor nucleic acid, 
U either a DNA or a RNA, can be amplified by using a pair of dengue virus-specific primers of 

S this invention, and its amplification product is detectably different from that of dengue viral 
Wis RNA (e.g., due to a shorter or a longer length). Preferably, the competitor nucleic acid is 
yH identical to dengue viral RNA, except having an insertion into or a deletion from dengue viral 

fl RNA. When a RT-PCR is performed, both dengue viral RNA in a sample and a competitor 

s nucleic acid at a known concentration are amplified, and quantitation of the dengue virus is 

ill achieved by comparing the amount of the amplification product of the dengue viral RNA, if 

!j;f20 present, to that of the amplification product of the competitor nucleic acid. 
□ This invention also features a kit for detecting dengue virus. The kit includes a pair of 

dengue virus-specific primers as described before. It may also include one or more other 
reagents such as a competitor nucleic acid, a reverse transcriptase, a polymerase, nucleosides, or 
a reaction buffer. 

25 Also within the scope of this invention is an isolated nucleic acid containing a fragment 

of a dengue viral RNA genome or a DNA copy thereof, wherein the fragment includes a first 
sequence that is complementary or identical to at least 18 nucleotides of SEQ ID NO:l, a 
second sequence that is complementary or identical to at least 18 nucleotides of SEQ ID NO:2, 
and a non-naturally occurring deletion or insertion, the deletion or insertion occurring in a 

30 region of the fragment flanked by the first and the second sequence. Preferably, the non- 
naturally occurring deletion or insertion is 30 to 50 nucleotides. Such a nucleic acid can be a 
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competitor RNA used in the above-described method for quantitating dengue virus. It can also 
be a plasmid, from which the competitor RNA can be generated by in vitro transcription. One 
example of the plasmid is Cd40PrM/pCR3.1 as described in the actual examples provided 
below. 

5 Other features and advantages of the invention will be apparent from the detailed 

description and the claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to the use of a pair of novel dengue virus-specific primers, 
SEQ ID NOs:l and 2, in a RT-PCR method for detecting dengue virus. 
10 The term "primer" as used herein refers to an oligonucleotide capable of acting as a 

point of initiation of synthesis of a primer extension product that is complementary to a nucleic 
y, acid strand (template or target sequence), when placed under suitable conditions (e.g., salt 

5r? concentration, temperature, and pH) in the presence of nucleotides and other reagents for 

03 nucleic acid polymerization (e.g., a DNA dependent or RNA dependent polymerase). SEQ ID 

in 

Jl5 NO:l corresponds to genome positions 278 to 305 of DEN-2 Jamaica strain, including deoxy- 
f inosine residues located at nucleotide 9, 13, and 14 of SEQ ID NO: 1 . SEQ ID NO:2, on the 

s other hand, corresponds to genome positions 136 to 163 of the same strain. This primer pair, 

51 SEQ ID NOs:l and 2, targets a region in the capsid of all four subtypes of dengue virus, e.g., 

W Hawaii strain (DEN-1), New Guinea strain (DEN-2), H-87 strain (DEN-3), and H-241 strain 

q20 (DEN-4), but not that of other flaviviruses, e.g., the Japanese encephalitis virus (JEV). 

As known in the art, a primer must be of a sufficient length to prime the synthesis of 
extension products. Atypical primer contains at least 10 nucleotides, and is substantially 
complementary or homologous to the target sequence. The dengue virus-specific primers of the 
present invention can be a nucleic acid of 18 to 28 nucleotides in length and including 28 
25 nucleotides of SEQ ID NO: 1 or 2, or a fragment thereof which contains at least 1 8 consecutive 
nucleotides of SEQ ID NO:l or 2. For example, one primer of this invention can be a 18-mer or 
23-mer, and includes at least 18 or 23 consecutive nucleotides of SEQ ID NO:l or SEQ ED 
NO:2. As another example, it can be a 28-mer in which only 18 or 23 nucleotides constitute a 
sequence identical to a segment of SEQ ID NO:l or 2. The lengths of the two primers in a pair 
30 may not be the same. 
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The just-described primers can be prepared by synthetic or recombinant method. A RT- 
PCR assay is employed to determine whether any of them can be used to practice the method of 
detecting or quantitating dengue virus. More specifically, a pair of primers is used in a RT-PCR 
to determine their ability to amplify all four subtypes of dengue viral RNA, as well as their 
5 inability to amplify a representative number of other flaviviruses. A pair of primers to be used 
to practice this invention can be designed based on analysis of all available sequences of dengue 
viruses and other flaviviruses in the GenBank. A pair of primers thus designed can be further 
analyzed by any related software program of their properties, e.g., annealing temperature, or 
internal pairing. To test their ability to detect all four dengue viruses, a RT-PCR, containing the 
1 o primer pair, a RNA template derived from one of the four types of dengue viruses and at least 
one of other flaviviruses such as JEV, can be performed under the conditions described in the 
actual examples presented below. An annealing temperature in the RT-PCR (e.g., 65°C) can be 
i*t modified according to the annealing temperature of the designed primer pair. In a designed 

f% primer that covers nucleotides located at 9, 13 and 14 of SEQ ID NO:l, deoxy-inosine residues 

Sjl5 may be used at these positions in order to efficiently detect all four dengue viruses. 

f. 

y;J lb practice the method of this invention for detecting dengue virus, a RT-PCR is 

-In 

performed using a reverse transcriptase, a polymerase, and a pair of dengue virus-specific 
primers of this invention to amply dengue viral RNA in a sample. The sample can be a culture 
nj supernatant or a plasma specimen prepared from a dengue virus infected individual. The pair of 

% 20 dengue virus-specific primers of this invention is capable of amplifying dengue viral RNA from 
O all four different dengue virus subtypes. Despite the variation of dengue virus subtypes, the 

n i 

products amplified by the dengue virus-specific primers, unexpectedly, have the same or similar 
lengths of about 170-bp. Generating amplified products of the same or similar sizes for all four 
subtypes increases the sensitivity of detecting dengue virus in a sample from an individual 

25 infected by multiple dengue virus subtypes. Lorono-Pino, et al (1 999) Am J Trop Med Hyg 6 1 : 
725-730. It should be noted that using a previously published RT-PCR method for detecting 
dengue virus (Lanciotti, et al (1992) J Clin Microbiol 30: 545-551, and Harris, et al (1998) J 
Clin Microbiol 36: 2634-2639) can produce a RT-PCR product of 511-bp in a first round PCR, 
and products of 482-bp, 119-bp, 290-bp, and 392-bp in a second round PCR for DEN-1, DEN-2, 

30 DEN-3 , and DEN-4, respectively. 
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A method of quantitating dengue virus is also within the scope of this invention. More 
specifically, a RT-PCR is performed on a sample (more precisely, the dengue viral RNA is in it, 
if any) and a competitor nucleic acid at a known concentration by using a pair of primers 
described above. Quantitation of any dengue virus in the sample can be achieved by separating 
the amplification products of the dengue viral RNA and the competitor nucleic acid, and then 
determining their relative amounts. For example, by using SEQ ID NOs:l and 2 and a 
competitor nucleic acid which, when amplified, provides a 130-bp product, a 170-bp 
amplification product of the dengue virus, if any, and a 130-bp amplification product of the 
competitor nucleic acid are obtained. The two products can be separated by gel electrophoresis 
or other size-discriminating chromatography. Each amplification product can be visualized and 
quantitated by ethidium bromide staining, autoradiography, radiographic counting, 
densitometry, or any other suitable techniques. The copy number of dengue virus RNA in the 
sample can be calculated based on the initial copy number of the competitor nucleic acid and 
the ratio of the amount of the amplification product of the dengue virus RNA to that of the 
competitor nucleic acid. Unexpectedly, this method can detect as few as 10 to 50 copies of 
dengue viral RNA. In such a sensitive assay, using the competitor nucleic acid as an internal 
control is particularly critical for a clinical sample, in which the presence of an inhibitor or other 
variables might affect the kinetics and efficiency of the RT-PCR. 

This invention further features an isolated nucleic acid containing a segment of a dengue 
viral RNA genome, wherein the nucleic acid includes a non-naturally occurring deletion or 
insertion. Such a nucleic acid is used as a competitor RNA in the above-described method for 
quantitating dengue virus, and can be prepared by in vitro transcription. 

The specific examples below are to be construed as merely illustrative, and not 
limitative of the remainder of the disclosure in any way whatever. Without further elaboration, 
they are believed that one skilled in the art can, based on the description herein, utilize the 
present invention to its fullest extent. All publications recited herein are hereby incorporated by 
reference in their entirety. 

Example 1. Detection of RT-PCR using dengue virus-specific primers 

Dengue viral RNA was isolated from aliquots of plasma samples and culture 
supernatants, using the QIAamp viral RNA mini kit (Qiagen, Germany). Two plasma samples 
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were obtained within 24 hours of the onset of fever of two confirmed DF patients during a 
DEN-3 outbreak in southern Taiwan in 1998. Four plasma samples were obtained from two 
hepatitis C virus (HCV) carriers and two healthy individuals. Stock virus samples of the four 
dengue serotypes, Hawaii (DEN-1), New Guinea (DEN-2), H-87 (DEN-3), and H-241 (DEN-4) 
strains, had titers of 2.1X10 6 pfu/ml, 1.3X10 6 pfu/ml, 2X10 6 pfu/ml and 1X10 6 pfu/ml, 
respectively. The four stock virus samples were obtained from culture supernatants of infecting 
mosquito C6/36 cells and then titrated on BHK-21 cells by a standard plaque-forming assay. 
Other samples, i.e., three Japanese encephalitis virus (JEV) strains (Nakayama vaccine strain, 
Beijing vaccine strain, and CHI 949 Taiwan local strain isolated from Changhwa County) with 
titers ranged from 10 5 to 10 6 pfu/ml, were also used for comparison. JEV, a flavivirus, is not a 
dengue virus. For a RT-PCR, one to one hundred-fold dilutions of stock virus samples were 
used. For a quantitative competitive RT-PCR (QC-RT-PCR), one to ten thousand-fold dilutions 
of the Hawaii virus sample and serial two-fold dilutions thereafter, were used. Briefly, 140 pi of 
plasma samples or diluted stock virus samples were mixed with a buffer AVL/a carrier RNA, 
and loaded onto spin columns, followed by washing with buffer AW and eluting with a buffer 
AVE to a final volume of 50 pi, as recommended by the manufacturer (Qiagen, Germany). 

Two dengue virus-specific primers, SEQ ID NO:l and SEQ ID NO:2 were used to detect 
dengue viral RNA. RNA templates derived from culture supernatants of virus samples 
representing all four dengue serotypes: Hawaii (DEN-1), New Guinea (DEN-2), H-87 (DEN-3), 
and H-241 (DEN-4), were amplified by RT-PCR reactions. After amplification, products were 
electrophoresed through 2% agarose gel and stained with ethidium bromide. Amplification 
products of the expected size of 170-bp were observed in the reactions using the RNA templates 
derived from all four dengue viruses. As a control, there was no product observed in the reactions 
containing no RNA or when only PCR (no RT) was performed. RNA templates derived from 
other flavivirus samples, three JEV and two HCV, as well as from plasma samples of two healthy 
individuals, were also amplified by RT-PCR reactions. None of RNA templates had been 
amplified to generate products of the expected size. These results show that the dengue virus- 
specific primers were able to detect all four dengue virus subtypes but not other flaviviruses 
tested. 
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Example 2. Quantitation of recombinantly prepared dengue viral RNA 

CPrM/pCR3.1 is a plasmid containing the entire capsid region and the N-terminal 54 
amino acids of the precursor membrane (PrM) region of DEN-2 strain PL046 in the vector 
pCR3.1 (Invitrogen, San Diego). See Lin, et al. (1998) J Virol. 72: 9729-9737, and U.S. Patent 
Nos. 5,487,993 and 5,827,657. A competitor construct, Cd40PrM/pCR3.1, was modified from 
CPrM/pCR3.1 by digestion with two restriction enzymes, Sail and BsmI, in the capsid region, 
followed by filling the 3' recessed end (from Salient) and removing the 5' protruding end (from 
BsmI cut) with T4 DNA polymerase. Compared to CPrM/pCR3 . 1 , Cd40PrM/pCR3 . 1 had a 40- 
bp internal deletion in the capsid region, as verified by DNA sequencing. A competitor RNA, 
which was generated from in vitro transcription (Promega, Madison) of the linealized 
Cd40PrM/pCR3.1, was purified by phenol/chloroform extraction and quantitated by 
spectrophotometer. See Melton, et al. (1984) Nucl. Acids Res. 12: 7035. The copy number of 
the competitor RNA was calculated based on the concentration measured and its molecular 
weight. Wild-type dengue viral RNA was generated from the linealized CPrM/pCR3.1 and 
quantitated by spectrophotometer as well. The copy number of the dengue viral RNA was also 
calculated from the concentration measured and its molecular weight, and known amounts of 
the dengue viral RNA were used as a target RNA in a QC-RT-PCR assay. 

As described previously, a dengue viral RNA template was obtained from a plasma 
sample, and was further diluted ten-fold. Equal amounts (2 ul) of the RNA template or its diltute 
were mixed with increasing copy numbers of the competitor RNA obtained from the above 
experiment (0, 10, 50, 100, 500, 1000, 5000, 10000 copies), and were amplified by RT-PCR 
reactions using the Superscript one-step RT-PCR system (Giboco/BRL, Life technologies). The 
RT-PCR reaction conditions were 55°C for 40 min, and 94°C for 2 min, followed by 40 cycles of 
94°C for 45 sec, 65°C for 45 sec, and 68°C for 45 sec. For a control, a RNA template (2 ul) was 
amplified by PCR using super Taq DNA polymerase (HT Biotechnology, Cambridge, England) 
under the same PCR conditions as those in the RT-PCR, except that the step of using 55°C for 40 
min was omitted. 

The QC-RT-PCR products were electrophoresed through 2% agarose gel and stained with 
ethidium bromide. The amplification product of dengue viral RNA was 170-bp, and the 
amplification product of the competitor RNA was 130-bp. The amounts of the 170-bp and 130-bp 
products were measured under UV light using a digital gel documentation analysis system 
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consisting of a UV-transilluminator light box, a darkroom cabinet, and a digital camera, DigiPix 
(Ultralum,Paramount, CA). The image acquired with the digital camera was sent to the computer 
directly and was analyzed by the software ID scan (Scanalytics, Fairfax, VA). The intensity of 
the ethidium fluorescence associated with the DNA band was proportional to the amount of DNA. 
5 Since the comparisons in the QC-RT-PCR were based on the molar amounts, the fluorescence 
intensity of the 130-bp product was corrected by a factor of 170/130 to enable direct comparison 
of the corrected 130-bp intensity (Cor. Int.) with the fluorescence intensity of the 170-bp. The 
ratios of the corrected intensity of 130-bp to the intensity of-170 bp (Cor. Int. 130/Int. 170) (in log 
scale) were plotted against the copy number of the competitor RNA (in log scale). A regression 
1 o line with the coefficient of determination was generated. The copy numbers of dengue viral RNA 
per reaction were determined by interpolated assessment of the equivalence point of the above 
curve. The 95% confidence intervals (CI) of the copy numbers were calculated using the software 
H= SPSS base 8.0 (SPSS Inc., Chicago, IL). Since 2 pi out of 50 ul RNA templates, which were 
O derived from 140 ul culture supernatants or plasma samples, were used in each reaction, the 
ml 5 number of dengue RNA copies per reaction was divided by 5 .6 ul (140 pi X 2 pl/50 pi) and 

*S multiplied by 1 000 to obtain the number of dengue viral RNA copies per ml of culture 

Hp* 

4= supernatants or plasma samples. 

%, To assess the feasibility of the QC-RT-PCR assay in quantitation, a known amount of in 

W vitro transcribed target and a competitor RNA (both obtained from Example 2) were used in a 
Q120 QC-RT-PCR amplification. As described in Example 2, in this amplification reaction increasing 
5 amounts of the competitor RNA (0, 10, 50, 100, 500, 1000, 5000, and 10000 copies) and identical 

amounts of the target RNA (300 copies) were used, and resulting in a gradual increase of the 130- 
bp product of the competitor RNA and a gradual decrease of the 170-bp product of the target. The 
point where the band intensity of the 130-bp product derived from a known amount of the 
25 competitor RNA corresponded to the intensity of the 1 70-bp product in molar equivalence 

indicated the amount of the target RNA present in the sample. After correction of the intensity of 
the 130-bp product by a factor of 170/130, the ratios of the corrected intensity (Cor. Int.) of the 
130-bp band to the intensity of the 170-bp band in log scale [log (Cor. Int. 130/Int. 170)] were 
plotted against the copy number of the competitor RNA in log scale. A regression line was 
30 obtained. The point at which the ratio of Cor. Int. 130 to Int. 170 equals 1 represents the amount 
of the target RNA present in the sample. The amount of the target RNA was thus determined to 

- 8- 



Attorney's Docket No.: 12563-004001 



be 302 copies (95% CI: 224 to 388 copies), which was unexpectedly close to the actual amounts 
of 300 copies added in each reaction. 

To demonstrate the accuracy of quantitation of the QC-RT-PCR assay, different amounts 
of the target RNA, ranging from 10 copies to 2000 copies, were tested, and the numbers of copies 
determined were very close to the actual copies added to respective reactions. From continuing 
optimization of the assay, the sensitivity of the assay was estimated to be between 10 to 50 copies 
of RNA per reaction. 

Example 3. Quantitation of dengue viral RNA in culture supernatants 

To evaluate the QC-RT-PCR assay on samples other than the target RNA obtained from 
Example 2, dengue viral RNA isolated from DEN-1 virus sample (prepared by the method 
described in Example 1, a Hawaii strain) was amplified by a QC-RT-PCR amplification. As 
described in Example 2, in this amplification reaction increasing amounts of the competitor RNA 
(0, 10, 50, 100, 500, 1000, and 5000 copies) and identical amounts of dengue viral RNA were 
used, and resulting in a gradual increase of the 130-bp product of the competitor RNA and a 
gradual decrease of the 170-bp product of the target. The ratios of the corrected intensity of the 
130-bp product to the intensity of the 170-bp product in log scale [log (Cor. Int. 130/Int. 170)] 
were plotted against the copy number of the competitor RNA in log scale. Based on the 
regression line obtained, the amount of dengue viral RNA was determined to be 205 copies (95% 
CI: 109 to 388 copies) per reaction, which corresponded to 36,607 copies RNA per ml of 
supernatant. 

To further evaluate this QC-RT-PCR assay, serial two-fold dilutions of the DEN-1 Hawaii 
strain were used in QC-RT-PCR reactions. The dengue viral RNA copy numbers were 
determined for each dilution and plotted against the virus titer of each dilution. A linear 
relationship was observed between the determined dengue viral RNA copy numbers per ml of 
supernatant and the virus titer represented as plaque forming units (pfu) per ml, and two-fold 
difference in virus titer would be differentiated by this QC-RT-PCR assay. 

Example 4. Quantitation of dengue viral RNA in plasma samples 

QC-RT-PCR amplifications were performed on samples prepared from two DEN-3 
infected individuals in a manner as described in Example 1 . As described in Example 2, in 
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amplification reactions increasing amounts of the competitor RNA (0, 10, 50, 100, 500, 1000, 
5000, and 10000 copies) and identical amounts of dengue viral RNA in the samples were used. 
The same results were obtained from the two samples. A gradual decrease in the intensity of the 
170-bp product of dengue viral RNA and a gradual increase in the intensity of the 130-bp products 
5 of competitor RNA were observed as the amounts of the competitor increased from 0 to 1 0000 
copies. The ratios of the corrected intensity of the 130-bp band to the intensity of 170-bp band in 
log scale [log (Cor. Int. 130/Int. 170)] were plotted against the copy number of the competitor 
RNA in log scale. The amount of dengue viral RNA was determined to be 170 copies (95% CI: 
89 to 359 copies) per reaction, which corresponded to 303,570 copies of RNA per ml of plasma 
10 for one sample. The amount of RNA was determined to be 39 copies (95% CI: 18 to 1 15 copies) 
per reaction, corresponding to 69,640 copies of RNA per ml of plasma for the other sample. The 
identity of the 170-bp RT-PCR products was confirmed to be dengue viral capsid after cloning 
^ and sequencing of the 170-bp bands for the two samples. 

:L. 

Si 5 OTHER EMBODIMENTS 

<l A number of embodiments of the invention have been described. Nevertheless, it will be 

h understood that various modifications may be made without departing from the spirit and scope 

: ;! , of the invention. For example, a nucleic acid having one- or two-base variations in the 

rU sequence of any of the above-described primers can also be tested and used to practice the 

K 20 present invention. In another example, also within this invention is a nucleic acid of 10 to 50 
nucleotides in length and containing at lease 10 consecutive nucleotides of SEQ ID NO: 1 or 2. 

Hi 

Accordingly, other embodiments are within the scope of the following claims. 
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